Candida glabrata is an emerging opportunistic pathogen that has intrinsic resistance to azoles. During infection or while living as a commensal, it encounters nutritional stresses such as deficiency of carbon or nitrogen sources. Herein, we investigate the expression and activity of PrA, Ape1, Ape3 and CpY vacuolar proteases during these stressful nutrimental conditions. Our findings demonstrate a differential activity profile depending on the addition or lack of carbon, nitrogen or both. Of the four proteases tested, PrA and Ape3 showed a higher activity in the absence of nitrogen. Steady-state RNA levels for all the proteases were also differentially expressed although not always correlated with its activity, suggesting multiple levels of regulation. Microscopy observations of C. glabrata cells subjected to the different conditions showed an increase in the vacuolar volume. Moreover, the presence of ATG8-PE and an increased expression of ATG8 were observed in the yeast under the tested conditions suggesting that C. glabrata is in autophagy stage. Taken together, our results showed that PrA, Ape1, Ape3 and CpY have varying activities and expression depending on whether nitrogen or carbon is added to the media, and that these vacuolar proteases might have a role in the autophagy process.
INTRODUCTION
The genus Candida is very wide and includes a variety of complex organisms that comprise non-pathogenic (environmental) and pathogenic species. These yeasts do not produce carotenoid pigment, nor assimilate inositol; they also lack a capsule and are able to inhabit multiple ecological niches including mucous membranes and the respiratory, genitourinary and digestive tracts (Fidel, Vazquez and Sobel 1999; Rai et al. 2012) . Many species of Candida are also opportunistic pathogens and some are invasive, usually causing thrush, affecting individuals with a depressed immune system and even sometimes becoming life threatening. Amongst the Candida species that recently gained more importance worldwide is Candida glabrata (Roetzer, Gabaldón and Schüller 2011) . This is because in recent years the use of immunosuppressive treatments increased the number of infections caused by this particular species, which include mucosal and systemic infections. Additionally, these infections are difficult to treat since C. glabrata is intrinsically resistant to azoles, and many isolates have also acquired resistance to other antifungals (Lee et al. 2010) .
Candida glabrata has an haploid 12.3 Mbp genome composed of 13 chromosomes, which in size is very similar to the non-pathogenic yeast Saccharomyces cerevisiae genome (12.1 Mbp) though phylogenetically they belong to different clades (Bialková andŠubík 2006) . Furthermore, C. glabrata is part of the Nakaseomyces, a group closely related to S. cerevisiae that is in the whole genome duplication (WGD) clade. Although C. glabrata was thought to be the only pathogenic yeast in the Nakaseomyces group, recently two new pathogens have been described within this group: C. nivariensis and C. bracarensis (Bialková andŠubík 2006; Gabaldón et al. 2013 Gabaldón et al. , 2016 . These strains are also considered as emerging pathogens but are less prevalent than C. glabrata. The S. cerevisiae vacuolar system is the most characterized among all the species; characterization studies include six vacuolar proteases that are involved in the degradation and recycling of small peptides and are associated with the autophagy process (Sarry et al. 2007) .
One of the most important processes involving the vacuole is autophagy, a major cellular process that comprises the degradation of proteins and organelles to obtain resources during stress conditions (Palmer, Kelly and Sturtevant 2007) . This, during nutrients starvation autophagy, provides the raw materials necessary for maintaining cell homeostasis. In mammals, autophagy protects from neurodegenerative diseases, aging, cancer, adaptive and innate immunity, and elimination of pathogens. In pathogenic infections, autophagy provides a disposal method of the invading organism; however, host autophagy might provide the necessary conditions for adaptation of this pathogen therefore promoting its survival (Mizushima et al. 2008; Jaeger and Wyss-Coray 2009; Devenish and Klionsky 2013) . In nutrient-rich conditions, autophagy remains at basal levels; however, it can be induced by the inhibition of the serine/threonine kinase enzyme TORC1, which is also sensitive to rapamycin. Once TORC1 is inhibited, it stimulates the expression of genes whose products are necessary for the uptake of nitrogen sources, amino acid synthesis, nutrient storage and cell survival under various stress conditions (De Virgilio and Loewith 2006; Limson and Sweder 2009; Song and Kumar 2012) . Inactive TORC1 is necessary for vacuole fragmentation, massive accumulation of vacuolar hydrolases and an increase in the vacuolar volume by the coalescence of organelles in a single large compartment (Michaillat, Baars and Mayer 2012; Michaillat and Mayer 2013) . Vacuoles can occupy a significant portion of volume in the cell as well as changes in their number, size or position. Yeasts use these changes in response to external conditions and stress (Armstrong 2010) .
Herein, we investigate how the absence of nitrogen and/or carbon affects the expression and activity of vacuolar proteases in the opportunistic pathogenic yeast C. glabrata. Our findings indicate that PrA (PEP4), Ape1 (LAP4), Ape3 (APE3) and CpY (PRC) have different expression and activity profiles. Additional evidence suggests that C. glabrata is in autophagy state in the tested conditions.
MATERIALS AND METHODS

Bioinformatics analysis
Bioinformatics analysis of C. glabrata (CBS138) genome was performed using the nucleotide sequences deposited at the NCBI database (https://www.ncbi.nlm.nih.gov). Saccharomyces cerevisiae nucleotide sequences for proteases LAP4 (ID: 853758) and APE3 (ID: 852589) were taken as reference to conduct the searches in C. glabrata and at the same time a search for the putative proteins encoded by these genes was conducted. Additionally, the PEP4, LAP4, APE3 and PRC putative promoter regions were also obtained from the NCBI database (http://www.ncbi.nlm.nih.gov/assembly/354578/). Subsequently, a search for potential transcriptional factor binding sites (TFBS) was performed using the bioinformatics server MatInspector v3.0 (http://www.genomatix.de). Given the fact that C. glabrata TFBS information is absent in this database, we have used the information for S. cerevisiae.
Strains, media and growth conditions
Candida glabrata CBS138 (ATCC 2001) (strain donated by Dr Bernard Dujon, Institut Pasteur and Université Pierre et Marie Curie) was used as a model organism in this study. To evaluate the expression of PEP4, APE1, APE3 and PRC genes and the activity of their translational products C. glabrata was subjected to different nutritional conditions such as: rich medium (yeast extract peptone dextrose, YPD) broth (1% yeast extract, 2% peptone, 2% dextrose), synthetic yeast nitrogen base defined media (YNB, Difco, Detroit, MI, USA Cat. No. 239210) supplemented with 2% dextrose and 0.5% of ammonium sulfate (YNB +C +N), or only with dextrose (YNB +C -N), or only with ammonium sulfate (YNB -C +N), or with no supplements (YNB -C -N). Briefly, yeasts were grown for 24 h in 5 ml of YPD medium at 37
• C with constant stirring (150 rpm), then five flasks containing 30 ml of YPD were subcultured by adjusting to DO 600 = 0.05 (approx. 5 × 10 6 CFU/ml) and incubated at 37
• C for 15 h to reach the stationary phase. Cells from each flask were obtained by centrifugation and washed twice with YNB 1× salts and transferred to each of media described above, thus each flask contains 30 ml of medium and incubated for 6 h. Then, two aliquots of 1.5 ml each were taken for RT-qPCR and enzymatic activity determination.
Cell-free extract preparation
Cultures were harvested by centrifugation at 15 600× g at 4 • C for 3 min and homogenized in a FAST Prep-24 (MP Biomedicals, Santa Ana, CA, USA) using one volume of sterile glass beads (0.45-0.52 mm diameter) and four pulses of 6.5 m/seg for 30 seg each pulse. Homogenized cells were suspended in 3 volumes of Tris-HCl 100 mM, pH 7.6 buffer, and the supernatant was recovered by centrifugation at 15 600× g at 4 • C for 6 min. Cell-free extract (CFE) samples were stored at -20
Enzymatic activities
Enzymatic activities were determined following a method previously described (Hirsch et al. 1988; Sepúlveda-González et al. 2016) . Briefly, for aminopeptidase activity (Ape1) the reaction mixture included 25 μl of a 100 mM Tris-HCl pH 7.5 buffer, 10 μl of the CFE and 3 μl of the chromogenic substrate (10 mM Leu-p-nitroanilide, dissolved in methanol). For Ape3 activity, the chromogenic substrate used in the reaction was 10 mM Lysp-nitroanilide. Reaction mixtures were incubated at 37
• C for 20 min, activity was stopped by adding 50 μl of 5% ZnSO 4 and 10 μl of 7.5% Ba(OH) 2 and centrifuged at 12 000× g for 10 min.
To quantify the released p-nitroanilide, the supernatant was read at a wavelength of 405 nm in a Bio Spectrometer (Eppendorf, Hamburg, Germany) spectrophotometer, and the reading was interpolated on a type curve of p-nitroanilide. A unit of For carboxypeptidase activity (CpY), the reaction mixture included 25 μl of buffer (100 mM Tris-HCl pH 7.5), 10 μl of CFE, 6 μl of 5% sodium deoxycholate and 3 μl of chromogenic substrate (10 mM N-benzoyl-L-tyrosyl-p-nitroanilide, dissolved in methanol). Reaction mixtures were incubated at 37
• C for 20 min, stopped by adding 50 μl of 5% ZnSO 4 and 10 μl of 7.5% Ba(OH) 2 and centrifuged at 12 000× g for 10 min. To quantify the released p-nitroanilide as described above, a unit of aminopeptidase activity was defined as the amount of enzyme required to hydrolyze 1 μmol of substrate N-benzoyl-L-tyrosyl-p-nitroanilide by minute under the test conditions. For aspartyl protease activity (PrA), the reaction mixture included 20 μl of CFE and 100 μl of solution (hemoglobin pH 3.0 with 1.0 M sodium hydroxide and buffer glycine-HCl pH 3.0). Reaction mixture was incubated at 37
• C for 2 h, stopped by adding 100 μl of 10% trichloroacetic acid and centrifuged at 12 000× g for 10 min. Activity was determined by obtaining the concentration of the peptides released using the method of Lowry. One unit of protease-specific activity was defined as the amount of enzyme required to hydrolyze 1 μmol of tyrosine-containing peptides per minute per milligram of total protein under the test conditions described.
RNA extraction and cDNA synthesis
After collecting cells at the growing conditions described above, these were washed with DEPC-treated water, and two volumes of glass beads were added for mechanical disruption in lysis buffer (chemical break) (2% Triton X-100, 1% SDS, 10 mM NaCl, 1 mM EDTA, 10 mM Tris, pH 8.0) and four rupture cycles (10 s each pulse). Lysed cells were centrifuged, supernatant recuperated and nucleic acids extracted with a mixture of chloroformisoamyl phenol (24:1:25). DNA was removed with DNAfree (Ambion, Foster City, CA, USA), and cDNA was derived using the 'GoScript Reverse Transcription System' kit (Promega, Madison, WI, USA) following the manufacturer protocols.
RT-qPCR
Primers for detecting PEP4, LAP4, APE3 and PRC were designed by using SnapGene (GSL Biotech LLC, Chicago. IL. USA) ( Table 1) . Reactions were performed in duplicate from at least three different experiments using SYBR Select Master Mix (Applied Biosystems, Foster City, CA, USA) reaction mixture for RT-qPCR. Data analysis was performed by the Ct comparative method using as endogenous gene the 18S rRNA (Livak and Schmittgen 2001; Schmittgen and Livak 2008) .
Fluorescence detection of C. glabrata vacuolar lumen
To observe the vacuoles in the yeast cells, these were resuspended at 1 × 10 6 cells/ml in a buffer (50 mM sodium citrate, In order to quantify vacuolar changes in the cells after the mentioned treatments, samples were measured for fluorescence only for the carboxy-DCFDA marker. The cells number was normalized, stained as described, and fluorescence was detected in a Spectramax M3 microplate reader (Molecular Devices, San Jose, CA, USA) with an excitation wavelength of 504 nm and an emission of 529 nm. Relative fluorescence units were obtained from three separate experiments in triplicate, and statistical analysis was applied as mentioned below.
Western blot
CFE samples were loaded for separation in a 15% SDSpolyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto PVDF membranes (BIO-RAD, Hercules, CA, USA)) using a semidry transfer system (Trans-blot SD, BIO-RAD). Previously, protein content for each CFE was standardized by staining the SDS-PAGE with Coomassie blue, and similar volumes were used for the western blot procedure. Membrane was blocked with 5% non-fat milk and 2% bovine serum albumin (BSA) diluted in Trisbuffered saline containing 0.1% Tween-20 (TBST) for 2 h and incubated overnight in the presence of anti-Atg8 rabbit antibodies (Abcam, Cambridge, UK cat. ab77003). Subsequently and after washing three times with TBST, the membrane was incubated with secondary peroxidase-coupled anti-rabbit (Jackson ImmunoResearch, West Grove, PA, USA) antibodies. Membrane was developed by using a Western Lightning Plus-ECL kit (Perkin Elmer, Akron, OH, USA). Images were digitally captured with a BioDoc-It Imaging System (UVP, Upland, CA, USA). Amino acids sequence alignments of PrA, Ape1, Ape3 and CpY vacuolar proteases from C. glabrata with those from S. cerevisiae. Amino acid sequences from both C. glabrata and S. cerevisiae were retrieved from the NCBI database and aligned using MUSCLE. Information for C. glabrata PrA and CpY was also taken from Sepúlveda-González et al. (2016) . Only a portion of each protein is shown highlighting the catalytic sites for each protease in black boxes, the substrate binding sites are in red boxes. Asterisks indicate identical residues and numbers indicate the amino acid in the corresponding S. cerevisiae protein, two points indicate conservative substitutions and one point indicates less conservative substitutions. Accession numbers, predicted molecular masses and identities with the corresponding S. cerevisiae homolog are shown in the inserted table.
Data analysis
Statistical analysis was performed with Prism 5.0 (GraphPad Software, La Jolla, CA, USA) program by using unidirectional ANOVA with a Dunnett type analysis. A confidence interval of P < 0.05 was considered as significant.
RESULTS
Identification of LAP4 and APE3 genes in C. glabrata
Previous studies from our lab identified and partially characterized aspartyl protease (PrA) and carboxy peptidase (CpY) in C. glabrata ( Fig. 1) (Sepúlveda-González et al. 2016) . In order to identify the orthologous genes LAP4 and APE3 in C. glabrata, a bioinformatic analysis was performed by using the gene sequences obtained from S. cerevisiae. These sequences were used for BLASTn searches against the C. glabrata strain CBS138 genome. At the same time, a search of the proteins encoded by these genes in C. glabrata was performed using BLASTp. The LAP4 gene was found in C. glabrata CBS138 consisting of a 1530-bp ORF that putatively encodes for 509 amino acids protein with a molecular weight of 52 kDa (CAGL0K08536g) (Fig. 1) . The protein has 61% identity to the Ape1 protein from S. cerevisiae. A 1692-bp ORF with identity to the APE3 gene was found in C. glabrata CBS138 (CAGL0G07623g). The encoded protein of this gene is 563 amino acids long (62 kDa) and has a 73% identity with the Ape3 from S. cerevisiae (Fig. 1) . Taking together, these results show that all four genes encoding for putative proteases are present in C. glabrata CBS138 and were named as such hereon.
Putative transcriptional factors binding sites (TFBS) in
PEP4, LAP4, APE3 and PRC in promoter regions
Once the genes coding for vacuolar proteases aminopeptidase 1 and 3, carboxypeptidase Y and peptidase A were identified and the sequences retrieved, we searched for TFBS in the putative regulatory region of each gene by using the database available for the well-characterized yeast S. cerevisiae. Among the wide variety of TFBS, we focused on those involved in regulation of various growth conditions including responses to the presence/absence of various carbon sources, to sterol regulatory element binding proteins, heat shock and nitrogen-regulated conditions. Results are summarized in Fig. 2 .
Enzymatic activities for putative proteases in C. glabrata
PrA, Ape1, Ape3 and CpY proteases-specific activity was determined under non-productive conditions described above (i.e. in the absence of nitrogen, carbon or nitrogen and carbon sources). Enzymatic activity of these vacuolar proteases was determined at different transitional times (30 min, 3 h, 6 h, 12 h and 24 h), and the 6 h time point was selected because a higher expression was observed (data not shown). Therefore, CFEs were obtained from cells incubated in nutrient-limited conditions for 6 h and were used to determine the specific activity for each protease (Fig. 3) .
PrA activity increased in all tested conditions when compared with growth in YPD. Activity was higher in the absence of carbon and nitrogen (Fig. 3A) . CpY protease activity was significantly high in media without either nitrogen or carbon and nitrogen, and low when the carbon source was eliminated (Fig. 3D) . Ape1 protease-specific activity increased in media lacking either carbon, nitrogen or both sources (Fig. 3B) . Lastly, Ape3 activity increased in the absence of carbon and carbon and nitrogen sources (Fig. 3C) . Taken together, these results showed that PrA, Ape1, Ape3 and CpY enzymatic activities were detected in this yeast and that these proteases showed changes depending on the carbon and nitrogen starvation conditions.
Expression of C. glabrata PEP4, LAP4, APE3 and PRC genes
Once the activity of PrA, Ape1, Ape3 and CpY under multiple nutrient deficient conditions was determined, we studied the gene expression of these proteases to correlate with our previous observations. These results are illustrated also in Fig. 3 . Expression of the PEP4 gene, which encodes for PrA, increased by almost 40-fold in medium lacking both sources (carbon and nitrogen, YNB -C -N) (Fig. 3E) . A similar trend was observed for the PRC gene, which codes for CpY (Fig. 3H) . Expression of the gene coding for Ape1 (LAP4) increased in both media with a deficit of nitrogen (YNB +C -N and YNB -C -N), similar to what was observed for PEP4 and PRC. The highest expression was observed when no carbon or nitrogen was added (Fig. 3F) . Interestingly, in contrast with all the above observations, APE3 expression was higher in mineral media supplemented with nitrogen and carbon than in all the other conditions (Fig. 3G) . In summary, expression of PEP4, LAP4 and PRC is similarly altered in each of the tested conditions with increased expression when no nitrogen or nitrogen/carbon is added to the media. In contrast, APE3 expression increased only in the media supplemented with both nitrogen and carbon (YNB +C +N). These results suggest that proteases in C. glabrata could be regulated by transcriptional and post-translational mechanisms.
Changes in C. glabrata vacuolar lumen by nutritional treatments
Additionally, and in order to complement with the abovementioned results, we also wanted to define whether these are reflected in changes in the C. glabrata vacuoles. The rationale for this is that it has been observed that the vacuole can be fused or fissioned to adapt to changes in environmental conditions, nutrient limitation or osmotic stress (Bauerová, Pichová and Hrušková-Heidingsfeldová 2012) . Results are illustrated in Fig. 4 , when mid-log phase cells were used as control (Fig. 4A) , and an increase in the size and number of vacuoles was observed in all cases (Fig. 4C-F) even when YPD was used (Fig. 4B) . These results were corroborated by quantifying the fluorescence of the vacuolar marker by spectrophotometry in these samples (Fig. 4G) . Expression and specific activity of vacuolar proteases PrA, Ape1, Ape3 and CpY. Candida glabrata CBS138 was grown for 6 h at 37
• C in the indicated media after subculturing (as described in Materials and Methods section). Samples were taken for detecting enzymatic activity (panels A-D) or expression by RT-qPCR (panels E-H) for the corresponding genes of each protease. Each bar represents the average of three separated experiments in duplicates and error bars represents ±standard deviation (SD). * P < 0.05, * * * P < 0.001, ns = no statistical difference, one-way ANOVA. 
Detection of the autophagy stage
Given the activity and expression results obtained for proteases PrA, Ape1, Ape3 and CpY in nutrient-deficient conditions, we aimed to determine whether yeast cells under these conditions were in a stage of autophagy. We investigated this by detecting ATG8 increased expression under the tested culture conditions. ATG8 and its product have been described as an autophagy marker in several organisms including yeasts and mammal cells (Kirisako et al. 1999; Bernard et al. 2015) . Results are illustrated in Fig. 5A and show that the expression of the ATG8 gene increases in both media with a deficit of carbon source (YNB -C +N and YNB -C -N). This suggests that under these conditions the transcription of this gene is favored. In order to corroborate the qPCR results, the expression of ATG8 was measured by western blot using specific antibodies (Klionsky, Cuervo and Seglen 2007; Nair et al. 2011) . As seen in Fig. 5B , ATG8-PE was detected when C. glabrata cells were placed under nutrient stressful conditions. ATG8-PE was also observed in YPD medium at the tested conditions. Given this, latter yeast cells were obtained in mid-log phase and tested as control (T lane). Cells in this condition only showed ATG8 but not ATG8-PE. Taken together, these results suggest that C. glabrata in nutrientdeficient conditions are likely undergoing autophagy.
DISCUSSION
The vacuole is an organelle that is found in yeasts and plants. This is a dynamic organelle that changes its size and volume according to the environmental and stress conditions encountered by the cells as it has degradative and storage capabilities (Li and Kane 2008; Stauffer and Powers 2015) . In the vacuole, there are endopeptidases and exopeptidases that drive the hydrolysis of proteins and organelles. These features are important in the vacuole to maintain cell homeostasis during nutritional stress, specific growth stages during the cell cycle, in stationary phase, during sporulation and autophagy (Flores, Given the importance of vacuolar proteases in multiple cellular processes in different organisms, herein we intended to understand how aspartyl protease PrA, aminopeptidases Ape1 and Ape3, and the carboxypeptidase CpY are expressed under limiting growing conditions in the opportunistic pathogen C. glabrata. This yeast has recently gained more importance worldwide due to the increase of infections and its resistance to antifungals. Our research group previously described enzymatic activity and gene expression for both proteases, PrA and CpY in C. glabrata in CFE using multiple nitrogen sources (Sepúlveda-González et al. 2016) . Herein, the genes coding for Ape1 (LAP4) and Ape3 (APE3) were identified by nucleotide and amino acid identities. Our results showed that enzymatic activities for aminopeptidases were detected, suggesting that the identified gene products are responsible for them. To the best of our knowledge, this is the first report on the activity of vacuolar aminopeptidases Ape1 and Ape3 in this opportunistic pathogen. We further describe the activity and expression of vacuolar proteases PrA, Ape1, Ape3 and CpY under multiple nutritional stress conditions.
Aspartyl protease PrA-specific activity increased in all conditions when compared to YPD medium. PrA (YscA) in S. cerevisiae is critical for protein degradation under starvation conditions and for this yeast physiology (Teichert et al. 1989) . In Kluyveromyces lactis, an increase in the activity of this protease in the absence of carbon or nitrogen was observed, being higher when nitrogen was absent (Flores, Cuellas and Voget 1999) . In this yeast, the central role of PrA was remarked under starvation and vegetative growth. This suggests that in the absence of nitrogen or carbon, the C. glabrata proteases have a similar behavior compared to S. cerevisiae and K. lactis. Given these previous findings, our results in nitrogen and carbon deficiency conditions suggest that PrA might be central for adapting to nutritional stress conditions in C. glabrata.
Analysis of PEP4 expression by qPCR showed that this was higher also when no nitrogen and carbon were added to the media. This correlates with the activity observed under this condition. In contrast, expression of PEP4 did not significantly increase with the other conditions tested. The latter does not correlate with the fact that PrA enzymatic activity was high in the absence of carbon and was slightly high when nitrogen was removed. A possible explanation is dependence on the type of media used in this yeast. Therefore, when nitrogen and carbon sources are unavailable the PEP4 gene is activated. This finding suggests that PEP4 expression is activated by transcriptional factors (TF) responding to this signal. A search for putative TFBS in the regulatory region of this gene indicated that members of the CSRE (carbon source response elements) and NIT2 (activator of nitrogen-regulated genes) families of regulators are likely binding to this region (Fig. 2) . Despite the fact that these results need to be taken carefully, this is because the TFs database used corresponds to that of S. cerevisiae, a search for TFs binding to this regulatory region should be tried in order to define if homologs to those described for other yeast or new TFs are involved in PEP4 regulation.
As mentioned above, PrA activity was also observed in mineral medium supplemented or not with a carbon or nitrogen sources. It is likely that under these conditions the half-life of PrA is longer than in rich medium such as YPD. These can be evaluated in the future once antibodies are developed or by tagging the protein with an epitope.
With regard to carboxypeptidase Y (CpY), this enzymespecific activity significantly increased in media with no nitrogen. Similarly, CpY activity in S. cerevisiae also increases when nitrogen is not present (Jones 2002) . PRC expression also increases in the same conditions, but it was almost 30-fold higher when no carbon was present. This suggests that expression is activated when nitrogen is lacking, but the fact that this expression is even higher when no carbon source is added suggests that this protease is involved in obtaining energy from processed proteins. Similar to PEP4, a search for putative transcriptional binding sites in PRC regulatory region was done using the S. cerevisiae database showed that NIT2 TFBS are present but no binding sites were detected for carbon source response elements (Fig. 2) . This needs to be carefully taken as the presence of NIT2 homologs in C. glabrata has not been shown. In this same sense, it is possible that other yet uncharacterized TFs respond to carbon starvation affecting the expression of PRC.
Aminopeptidase I-specific activity rose when either carbon, nitrogen or both sources were missing. Similar observations were done with S. cerevisiae when no nitrogen was added to the medium (Jones 2002) . Interestingly, LAP4 was only highly expressed when no nitrogen was supplemented to the mineral media and this expression was even higher when no carbon was present. When analyzed in an S. cerevisiae database, putative TFBS for TF related to regulation for nitrogen and carbon were found in the promoter region. For S. cerevisiae, Scott et al. (1996) showed that under nitrogen starvation conditions ApeI is overproduced, it does not accumulate in the cytoplasm and becomes active immediately. It is possible that for C. glabrata the product of LAP4 accumulates in the cytoplasm but in contrast to S. cerevisiae in nitrogen-depriving conditions only some of the cytoplasmic precursor of ApeI in C. glabrata is processed into the active form accounting for the observed activity. It is possible that under nitrogen deficiency ApeI activity is enough for this yeast to achieve homeostasis or that other proteases are responsible for complementing these functions.
In S. cerevisiae Ape3 (ApY), activity drops when glucose is depleted and nitrogen does not seem to have an effect on its expression (Herrera-Camacho and Suárez-Rendueles 1996) . Our results show that this enzyme is regulated differently for C. glabrata in both conditions because Ape3 activity is not only present after 6 h but it also increases. Additionally, removing nitrogen it seems to potentiate Ape3 activity as it raised approximately 2.5-fold. When expression of APE3 was analyzed, to our surprise the mRNA levels did not change when carbon, nitrogen or both were not added to the media but it did in minimal media. Given these results, it seems plausible that either Ape3 half-life is extended under stress conditions or that pro-Ape3 is activated under these same conditions.
The vacuole is a highly dynamic organelle in which the vacuolar volume, form and content are tightly regulated by different conditions, including nutritional and osmotic stress, and these adjustments help the cell to maintain its homeostasis (Li and Kane 2008; Veses, Richards and Gow 2008) . Here, we have observed changes in the activity of multiple vacuolar proteases. Therefore, we were interested in determining whether there were changes in the C. glabrata vacuole. Results showed an increase in the number of vacuoles as well as in the size of these. This is in agreement with studies carried out in S. cerevisiae in which it was subjected to nutrient limitation and autophagy induction and observed that the vacuoles fuse and expand their volume facilitating the degradation of cytoplasmic material (Baba 1994; Li and Kane 2008) . Our results show that under nutritional stress conditions vacuoles of C. glabrata have a similar behavior as those in S. cerevisiae.
In nutrient stress conditions, cells are able to survive by recycling organelles or cellular components. This process is known as autophagy and has been widely studied in multiple eukaryotic organisms including yeasts (Ohsumi 2014) . Once the materials to be processed by autophagy are enclosed in autophagosomes, these are directed to the vacuole where they are degraded and recycled. Therefore, here we wanted to determine whether C. glabrata in the nutritional stress conditions tested were in autophagy. Our results showed that this might be the case. Detection of the ATG8-PE version was used to corroborate that the cells in the conditions used were in autophagy stage. In nitrogen starvation, ATG8 conjugates to phosphatidylethanolamine, and it is recruited for the formation of the auto-phagosome (Klionsky, Cuervo and Seglen 2007; Nair et al. 2011 ). Here we observed the appearance of ATG8-PE in the absence nitrogen and carbon/nitrogen, and to a lesser extend in limiting carbon, suggesting that C. glabrata in these conditions is undergoing autophagy. Moreover, these observations were corroborated by detecting an increase in ATG8 transcription in all cases. Given that under the nutritional stress conditions tested in this work, it seems that PrA, Ape1, Ape3 and CpY vacuolar proteases are involved in autophagy when carbon, nitrogen or carbon/nitrogen are absent. In S. cerevisiae, PrA and Ape1 have been shown to be involved in autophagy (Scott et al. 1996; Parr et al. 2007; Su et al. 2015) . The involvement of these proteases during autophagy might help the cell to overcome starvation by ensuring protein turnover among other processes. For a pathogen such as C. glabrata, surviving and replicating in macrophages is a cornerstone for its virulence mechanism helpingnthem to avoid the immune surveillance (Roetzer et al. 2010) . Previous studies have shown that this yeast undergoes pexophagy, a specialized form of autophagy, in order to obtain resources to survive the limitation of carbon sources in the phagosome (Rodrigues, Silva and Henriques 2014; Seider, Gerwien and Kasper 2014; Kasper, Seider and Hube 2015) . Nitrogen is also a limiting asset in this environment and it is likely that pathogens such as C. glabrata obtain it through autophagy-like processes. It is at this point that vacuolar proteases might play an important role for this organism during virulence. In order to define the involvement of these proteases either for environmental survival or pathogenesis, deletion experiments including the proteases studied here should be conducted.
In conclusion, here we demonstrated that vacuolar proteases PrA, Ape1, Ape3 and CpY activate and express at different levels depending on whether nitrogen, carbon or both are supplemented or not. Our results also suggest that these proteases are likely involved in the autophagy process.
